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THE TULA BATTERY RECEIVER

M. Oblezov

/The designers of the mula receiver, described in this report, were avarded
first prize in the Ministry of Communications competition in the design of equip~ N
ment for rural radiofication. A schematic diagram of the receiver ie appended., :

Because +their price and operating expenses must be kept down, DEARHIUERGSd
battery receivers are more difficust to design than second-class or even firet-
class radios in which standerd units and parts cen be used. Since the unit cost
of power in a thiri.class battery recelver is three to four times that of a first-
class line receiver, 1t can be veadily understood why economic conglderations gtill
must be taken into account in battery receiver design.

The requirements for & cheap, mass-produced battery radio are:

Loud-speaker rzception of local and neighboring gtations must be at least
equal in quality and volume to that provided by wired radio centers.

The initzal price should pot be much higher than that of a loud-speaker for
a wirsd radio center and the operating costs should not exceed the price of a sube
scription to tke center.

I7 battery or tubes fail, provision should be made for crystal-set operation
or for conngction to the wired radio network.

Maintensnce must be very simple.
The Tula battery recelver satisfies all these requirements.
Circuit
In the schematic diagram of the Tule receiver, as seen in {he appended figure,

two ministure tubes, the 1B1P ami 2P1P, are used. The former operates as & grid de-
tector anéd af amplifier /the diode section is not used}, while the iattexr acts as
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an output tube and phase~-inverter for regeneration, This is the mipnimum num-

ber of tubes capable of ensuring good reception from local and neighboring

: stations with an outdoor antenna, Only one tuned circuit, directly connected

S with the antemna, is used. To lncrease selectivity and amplification, feed-
back is provided from the plate circuit of the second tube through the small
semivariable capacitor CIO'
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This regenerative circuit needs no special teedback ccil or supplementary
taps on the tuned circuit; hence, the band switch can be greatly simplified.
Moreover, this circuit does not permit one to look for a station while the re-

’ ceiver is oscillating (as is the case with most regenerative receivers), thereby
indirectly preventing spurious transmission from the receiver. This is accom-
plished, at the threshcld of oscillation, by the simultaneous generation of af
oscillations which tlanket all incoming signals, making it impossible to tume
in a station.

Thus, the main defect of regeneration, i.e., the possibility of interfer-
ence with nearby radios, is eliminated, while its good qualities are retained.
The regenerative control consists of & screw-driver ad justment on the back of

the cabinet.

Uniform amplification at various points of the band is obtained by proper
gelection of the parameters for the compensation circuits LS’R7 and RB-C7.

. A differentisl capacitor Co is connected between the tuned circuit and
the control grid of the first tibe to regulate the volume.

The circuit is tuned by an "al'sifer” [Kl-Si-FS7 core, which passes suc-
cessively through coils Ll,'Lz, L., and Ly, Yound on one form. The gliding con-
tact of the band switch moves with the core along the ¢oil form. The taps cf
the coils going to the chassis are used for switching, and therefore, the fric-
tion of the band switch does not cause crackling and noise.

The jacks to connect the output trensformer with the wired radio network
are connected in parallel with its primary wipding.

For use as‘'a crystal receiver, special Jjacks are provided to connect up the
crystal detector (D in appended figure) and the headset (T in appended figure).

Design

The main unit is the loud-speaker because its dimensions determine the
shape and size of the cabinet. The Tula speaker bas & tone one and one half
times larger than the spegkers in crdinary cheap radios. Consequently, its efe-

] ficiency is increesed and its frequency response smoothed because of the more
: effective reproduction of the medium and low frequencies.

The front panel serves both to support the cone and to brace the field coil.
In the lower part of the cabinet there is a panel on which the tube sockets, out-
put transformer, circuit colls, capacitors, and resistors are arranged. Two very
similar cabinet types can be used.

The most original part of the receiver is the combination of all controls
in one knob on the front panel. When the knob is lifted up, it switches in the
vattery, actuates the mechanism which shows that the power is on, and regulates
the volume and feedback. Smootb tuning and band-switching are obtained by mov-
ing the knob horizontally.
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- The method of construction is described below. parallel to the coil form
there is & rectangular metal bar along which a carriage {an extension of the
control knob) can move. Attached to the carriage there is a flexible cord which
passes through the roller into the coil form where the movable "el cifer" core,
connectad at both ends with the cord, is lucated. A sliding contect of the band
switch, made in the form of a flexitle hemisphere, 1s fastened to this cerriage.
When the carriage is moved, the contact passes successively along the metal con-
tact strips which are fastened to the panel and to which the ends of the coil
are connected.

N A metal plate acting as one of the differential capacitor plates is attached
at the extreme right end of the bar; the plate is connected to the grid side of
the tuned circuit. When the control knob is raised, the horizontal bar rotates

through 2 certain angle and the movable plate approaches the plate fastened to
the receiver panel and connected to the control grid of the first tube. The
change in cejacitance between these two plates regulates the wolume.

’ Also at the right end of the bar is a system of levers whichn actuates the
supply switch and signal.

Flat clamps are placed on the back edge of the paneli for connecting the an-
tenna and ground, the head.et, and the wired radio line.

All the parts are jesigned for mass production, the great majority being
N stamped. There are practicaliy no turned parts or screws The amount of metal
and other meterial used is likewise very small. The total weight of the Tula
is 1.6 kg, whereas the B-912 weighs almost 3.5 kg.

Supply

The supply system was designed to provide maximum 1ife for tubes and bat-
teries. Research has shown that miniature tubes can operate quite effectively
with a filament current of 45.50 ma with low cathode emission and low plate
voltage. The life of & tube under these operating coiditions is greatly ine
creased, and the battery load 1is lightened. The 3S cells used to supply the
filements have a capacity of 30 asmp-hr when discharged through & 10N resis-
tance. However, if the discharge current is reduced to one half or one third,
their capacity will be doubled in operation under intermittent discharge condi-
tions. The filamente of the tubes are connected in series, Two series..connected
3S cells provide an injtial filament current of 50 ma. After the radio has been
operating for 2 to 21 mo (for 3 to 4 hr per day), the cell voltage will drop to
2.2.2.3 v. Thereafter, one half of the 2P1P filament is shorted by & switch and
the receiver begins to operate under economical conditions. This type of file-
ment supply also has the advantage of eliminating the need for a filament rheo-
stat.

A BAS-G-60 battery 1s used as & plate-voltage source. Under intermittent
discharge with current less than 3.5 ma, this battery will give long service,
i.e., at least as long as the filament battery made up of 3S cells under the
operating conditions described above.

To prevent the tube filaments from burning out through unskiliful handling,
pboth the filament and plate batteries are enclosed in one case. To this case 1is
fagtened a tube-type socket with Jjacks, into whkich the receiver plug is connected.
The plug can be inserted in the jacks only in one definite position; thus the
plate voltage cannot possibly be applied to the tube filaments.

Operational tests of this battery unit with the receiver showed that its
1ife exceeded 1,000 hr.
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The receiver can operatz on even lower voltages. For example, it oper-
ates with satiszfactory volume at a plate voltage of 30 v and a filament volt-
age of 1.5 v. One of the advantaeges of a straight [tuned r£7 amplification
circuit is that the supply voltages are not critical.

For the supply voltages first mentioned, the sensitivity and volume of )
the Tula are adequate. If thece voltages are raiseda 50%, that is, up to v’ :
for the rilament (three 38 cells) and 80 v for the plates (BAS-80 vattery),
the electroacoustic characteristics will be greatly improved, while the oper-
ating conditions for the tubes remain within their established norms. In this
case, however, operating exrenses will be somewhat higher. Preliminary calcu~
lations indicate that the operating costs of the receiver plus the subscription
/Ticense7 fee will be considerably less than the subscription fee established
for the use of a wired radio 1oud.-speaker

Norms According Results -
Parameters of the Tua vaits  to Specifications - of Tests
Current consumption from supply source
In plate circuits when Ej = 60 v ma k.5 3.4.3.6 .
In filement circuits wheh Eg = 3 Vv a4 60 50
Frequency bands
Medium weve kc 535--1500 5001600
) Long wave ke 150--410 117-415
Sensitivity at average sound pressure
of 1.3 dynes per sq cm at a distance
of 1m mv . 40 1i-37
Manual volume control range db . 20 20
variation of frequency response in fre-
quency range of 200-3,500 ¢ps
In entire unit db 20 1k.15
In loud-speaker db - 12-15
Harmonic content with respect to sound
pressure % 15 4 5.11
Mean sound pressure of speaker in range
of 200-2,000 cps for 0.1 va 1in field
coil bar 2.3 Lol 3

Resu}gg_gf_ggsts

Models of the Tula have been tested under normal operating conditions in
kolkhozes 150-200 km from Moscow with antennas 15-20 m long, suspended at a
height of about 10 m. The volume of reception from all three Moscow stations
was more than adequate in small rooms. With more regeneration, satisfactory
reception could be obtained from other cities (Leningrad, Minsk).

! The tests showed the convenience of the control arrangements. In places
where just one station could be heard, the receiver cperated practically iike
a push-button radio, since, with fixed tuning, it was only necessary to move
the knob up and down for wwitching or and off and for volume control.

A year's trial also demonstrated the economical operation of the receiver
and the long life of: the tubes for the supply voltages mentioned previously.

. The menufacture of the first series of Tyla radios in 1951 and their use
under varied conditions wili enable listeners and amateurs to make suggestions
for improving the operational and acoustic properties of the receiver. It
should become the most widely used radio in nonelectrified rural areas. 3

Appended diagram follows:
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1a Receiver

Schematic Diagram of the Tu

Figure 1.
d in the periodical Radio,

used: C 65765 ppof ds

En this diagram, as in all other diagrams use
¢ 4.0=4 prpo) R 800 =800,

the following coding of resistors and capacitors 1s
¢ 31 =13,000 ppsdy C 5.5T =5,500 ppfdy C o.3=o.3fp7‘=/,
R LOT = 0,000n, R 0.220.2 MayR 2.0 =2Ma..

Thus, in the given diagram, Cyi= 100/~/u,fd, 06=O.l/47cd, Ry = 2Ma, Ry= 390,000.0,

R~ = 1,500, €tc.

~END =~

50X1-HUM

-5 -
CONFIDENTIAL

| CONFIDENTIAL S :

j‘

i A ‘1‘

nitized Copy Approved for Release 2011/09/21 : CIA-RDP80-00809A000700010230-3 N !




